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Description 

This appiication relates to an endovascular grafting 
system according to Claim 1 and a vascular graft accord- 
ing to Claim 10. 

The state of the art is described in the background 
of the invention in U.S. Patent No. 4.787,899. In addition 
WO 89/08433, upon which the preambles of Claims 1 
and 10 is based, dscloses an intraluminal grafting sys- 
tem which includes a hollow graft and which has a prox- 
imal and distal staple. The system includes a capsule for 
transporting the graft through the lumen and for position- 
ing the graft upstream in a lumen which may be a blood 
vessel or artery. A tube is connected to the capsule and 
extends to the exterior of the vessel for manipulation by 
the user. A catheter is positioned within the tube and Is 
provided with an inflatable membrane which is in com- 
munication via a channel with inflation and deflation 
means. With the inflatable membrane deflated, the cap- 
sule is positioned in the lumen and manipulated to a 
desired location. Upon inflation, the force exerted by the 
inflatable membrane and the structure of the staples 
urges the staples into the vessel, retaining the graft in 
position 

In general, it is an object of the present invention to 
provide an endovascular grafting apparatus, system and 
method and devices for use therewith which overcome 
the disadvantages of the prior art appartus. systems and 
devices. 

According to a first aspect of the present invention 
there is provided an endovascular grafting system 
including a capsule catheter conprising a flexible elon- 
gate tubular mentter having proximal and distal extrem- 
ities and a capsule mounted on the distal extremity of the 
tubular menrtoer; a graft disposed within the capsule, the 
graft conprising a tubular member having proximal and 
distal ends, hook-like attachment means secured to the 
proximal and distal ends of the tubular member and fac- 
ing in a direction outwardly towards the inner wall of the 
capsule; and push rod means disposed within the cap- 
sule catheter and engaging the graft wher^ upon rel- 
ative movement betwe^i the push rod means and the 
capsule catheter, the graft can be forced out of the cap- 
sule, characterised in that the capsule is generally cylin- 
drical in shape and is formed of a helical wrap of a metal 
ribbon and means bK)nding said wrap into a unitary cap- 
sule while permitting bending of said unitary capsule. 

Advantageously embodiments of the Invention pro- 
vide an apparatus and system of the above character 
which utilizes a pusher rod assembly which is con- 
strained so that relatively great forces can be applied by 
the pusher rod asseni)ly. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of the above character in 
which the capsule is sufficiently flexible so that it can 
negotiate bends in the vessels of a patient. 

Advantageously embodiments of the invention pro- 
vide a grafting apparatus and system which utilizes a 
flexible capsule which can contain a graft with hook-like 



elements without any danger of the hook-like elements 
penetrating the capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of the above character in 
5 which the graft automatically springs into an open or 
expanded position when it is released from the capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus, system and method of the aljoye 
character in which a pushing force is applied to the distal 
10 extremity of the balloon for advancing a graft out of the 
capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of ttie above character in 
which a fixed wire or an over-the-wire guide wire system 
15 can be used. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of tiie above character in 
whk:h the graft can be compressd to a very small size in 
a flexible capsule. 

20 According to a second aspect of the present inven- 
tion there Is provided an expandable intraluminal vacs- 
cular graft for implanting in a body vessel conprising a 
deformaWe tiijular menfcer having proximal and distal 
ends and a wall extending between the proximal and dis- 

25 tal ends, the wall b«ng formed of a flexible material capa- 
ble of receiving tissue ingrowth, said tubular member 
being capable of assuming a first position of reduced size 
for insertion into the body vessel and a second expanded 
position; expandable yieldable spring means secured to 

30 the proximal and distal ends of the tubular member, said 
yieWable spring means being in the tiie form of sut^an- 
tially vee-shaped spring portions having apces and legs 
extending from tiie apices for urging said tubular merrtfjer 
from said first position of reduced size to a second 

35 expanded position; and attachment means secured to 
the proximal and distal ends of the tubular memlDer for 
attachment to tiie body vessel characterised in that said 
spring means is provided with a helical torsion spring at 
each apex yieWably urging said legs in a direction to 

40 open the vee-shaped spring portions. 

Additional objects and features of the invention will 
appear in tiie following description in conjunction with the 
accompanying drawings. 

Figure 1 is an isometric view of an endovascular 

45 grafting apparatus and system incorporating the present 
invention. 

Rgure 2 is a side elevational view partially in cross 
section of a capsule catheter incorporating ttie present 
invention. 

50 Rgure 3 is a skle elevational view partially in cross 
section showing a balloon catheter assembly incorporat- 
ing the present invention. 

Figure 4 is a partial side elevational view in ctoss 
section of a portion of an alternative balloon catheter 

55 assembly incorporating the present invention showing 
tiie use of a movable pusher button capable of sliding 
over a limited range. 

Figure 5 is a side elevational view partially in cross 
section of anotfier alternative embodiment of a balloon 
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catheter assembly incorporating the present invention 
showing the use of a movable guide wire. 

Rgure 6 is a ctoss sectional view taken along the 
line 6-6 of Figure 5. 

Rgure 7 is a side elevational view partially in cross s 
section of a pusher rod assembly incorporatir^ the 
present invention. 

Rgure 8 Is a side elevational view partially in cross 
section of another embodiment of a pusher rod assembly 
incorporating the present invention. u 

Figure 9 is a cross sectional view partially in aoss 
section showing in combination a balloon catheter and 
a pusher rod assembly and a movable guide wire. 

Rgure 10 is a side elevational view of a graft incor- 
porating the present invention. 75 

Rgure 1 1 is an enlarged isometric view showing one 
of the spring attachment means utilized on the graft. 

Rgure 1 2 is a partial enlarged view of an alternative 
hook-like element utifized in the spring attachment 
means of Rgure 11. 20 

Rgure 13 is an enlarged view showing another 
embodiment of a hook-like element used in the spring 
attachment means of Rgure 11. 

Rgure 1 4 is a side elevational view partially in cross 
section showing the manner in which the graft is held in 25 
the capsule after ejection of the proximal extremity of the 
graft from the capsule. 

Rgure 15 is a view similar to Figure 14 but showing 
the proximal and distal extremities of the graft outside of 
the capsule with the balloon retracted so that it is witNn 30 
the graft and inflated to force the distal attachment 
means into the vessel wall. 

In general, the endovascular grafting system is com- 
prised of a capsule catheter having a flexible elongate 
tubular menriber with proximal and distal extremities and 35 
a capsule mounted on the distal extremity of the tubular 
member. The capsule is generally cylindrical in shape 
and is formed of a helical wrap of a metal ribbon. Means 
is (xovided for bonding sakl wraps into a unitary capsule 
while permitting bending of said unitary capsule. A graft 40 
is disposed within the capsule. The graft is comprised of 
a tubular member having proximal and distal ends. Hook- 
iike attachment means is secured to the proximal and 
distal ends of the tubular member and face in a direction 
outwardly towards the inner wall of the capsule. Push rod 45 
means is disposed within the capsule catheter and 
engages the graft whereby upon relative movement 
between the push rod means and the capsule catheter, 
the graft can be forced out of the capsule. 

More in particular, the endovascular grafting appa- so 
ratus and system 1 1 and the devices for use therein are 
shown in Rgures 1-10. This apparatus and system 11 
includes a capsule catheter 1 2 (see Figure 2) which con- 
sists of a flexible elongate tubular mentoer 1 6 formed of 
a suitable plastic material such as Nylon of a suitable 55 
length as. for example, 40 to 100 centimeters and pref- 
erably approximately 43 centimeters for the abdominal 
aortic artery and approximately 70 centimeters for the 
thoracic aortic artery The tulxjiar memfc>er 16 can have 



a suitaWe size such as an outside diameter of 4.75 x 
10 3m (.187 inches) and an inside diameter of 3.175 x 
10 3m (.125 inches). The tubular member 1 6can be pro- 
duced in a certain color such as blue. In order to make 
it radiopaque under x-rays, the flexible tubular merrtber 
16 is loaded with a suitable radiopaque material such as 
bismuth subcarbonate or barium sulfate. By way of 
example, the flexitrfe elongate member 16 can be com- 
pounded with approximately 20% of the radiopaque 
material by weight 

An inner liner 1 7 is provkf ed which is mounted within 
the tubular member 1 8. The «ner 1 7 Is sized so that it will 
fit within the tubular member 16. The liner is preferably 
formed of a lubrlcious material such as Tefzel (ethylene 
tetrafluoroethylene) or Tefton FEP (flourinated ethylene 
polypropylene). It can have an inside diameter of 2.16 x 
1 0 3m (.085 inches) and an outside diameter of 3.1 75 x 
10 3m (.125 inches) and a length as, for exanple. 41 
centimeters which is slightly less than that of the titular 
member 1 6. If desired, the inside diameter of the liner 1 7 
can be in the range of 1 .905 x 1 0~3 . 3.048 x 1 0~3m (.075 
to .120 inches). The liner 17 is provided with a lumen 18 
which extends the length thereof. The liner 17 reduces 
the inside diameter of the lumen 18 for a purpose here- 
inafter described. TTie liner 1 7 is made of a radiation sta- 
ble material so that the catheter can be racfiation 
sterilized. Tefzel, or Tdton FEP. which is a polymer is 
such a radiation sterflizaWe material. The inner liner 17 
also serves to provide additional columnar strength to 
the catheter 12. 

Awyeadapter21 is secured to the proximal extrem- 
ity of the flexible tubular member 16. The side arm 22 of 
the adapter 21 has a stop cock23 mounted therein which 
is movable between open and ctosed positions. The stop 
cock 23 is provided with a Luer fitting 24 which is adapted 
to be secured to a syringe which can be utilized for inject- 
ing a dye, or medications such as a vasodilator. The cen- 
tral arm 26 of the adapts 21 is connected to a Touhy 
Borst adapter 27 and includes a female part 28 that car- 
ries an O-ring 29 which is adapted to be engaged by a 
protrusfon 31 fomiing a part of the rm\B part 32. 

The capsule catheter 12 has a capsule 36 incorpo- 
rating the present invention mounted on the distal 
extremityoftheflexible elongate tubular member 16. The 
capsule 36 when used in humans has a diameter ranging 
from 4 to 8 millimeters. The flexible elongate tii)ular 
member 16 which also senses as a shaft for advancing 
the capsule 36 as hereinafter described and shoukl have 
a diameter whrch is less than that of the capsule and 
therefore has an outside diameter ranging from 3 to 7 
millimeters. 

The capsule 36 is a composite structure and is 
formed of an Inner layer 37 and an outer layer 38. The 
inner layer 37 is formed of a stainless steel ribbon 39 with 
the ribbon having a width of 3.81 x 10"3m (1 .50 inches) 
and a thickness ranging from 5.08 x 1 0~5 . 1 .0 1 6 x 1 0"4m 
(-002 to .004 inches) and preferably approximately 7.62 
X 10~5m (.003 inches). The ribbon is spiral wound on a 
mandrel (not shown) so that each wrap of the ribbon 
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overlaps the preceding wrap by approximately 30 to 50% 
of the width of the rit^bon. Viewing the capsule 36 from 
the left hand end. the ribbon is wrapped in a clockwise 
or counterclockwise direction so that the edges 41 face 
distally or in the direction which is toward the right as 5 
shown in Figure 2 for a purpose hereinafter described. 
By winding the ribbon 39 at Ngh tension, it is possible to 
deform it over the acjacent wrap which contributes to the 
flexibility of the capsule and also at the same time makes 
it possible to provide a capsule having a low profile. The u 
stainless steel for the ribbon 39 can be of any suitable 
type, however, it has been found that it is desirable to 
select a stainless steel which can be heat treated. This 
enables one to wind the capsule with the rftabon in a duc- 
tile state and heat treat the capsule after winding to 75 
obtain a spring-fike temper. One such stainless steel is 
17-7 PH supplied by Brown Metals Conpany of Santa 
Fe Springs, California. 

Ini order to prevent elongation of the capsule 36 and 
also to prevent one wrap separating from another of the 20 
inner layer 37, a plurality of elongate flexible strands 43 
are provkled which extend from one end to the other of 
the capsule. It has been found that the use of four strands 
has been sufficient with the strands being spaced apart 
drcumferentially by 90r The strands 43 can be formed 25 
of a suitable material such as a Kevlar aramid fiber. 195 
denier. These four strands 43 are bonded to the proximal 
and distal extremities of the capsule by a suitable adhe- 
sive such as a cyanoacrylate ester at points 44. The 
outer layer 38 which overiies the strands 43 and the 30 
wrapped ribbon inner layer 37 is in the form of a jacket 
formed of a suitable material such as heat shrinkaWe pol- 
yethylene. This jacket can have a wall thickness ranging 
from 2.54 x 10 s - 1.524 x 10-4m{.001 to .006 inches) 
and preferably a thickness of approximately 1.016 x 35 
10 4m (.004 inches). The polyethylene jacket which 
forms the outer layer 38 serves to contain the Kevlar 
strands 43 in close proximity to the inner layers 37 and 
also serves to prevent elongation of the capsule 36 while 
pemiitting the capsule to bend during use as hereinafter 4o 
desaibed. The outer layer or jacket 38 serves also to 
provide a snKxjth surface for the exterior of the capaile 
36 by enclosing the edges 41 of the wraps of ribbon 39. 
In addition, the proximal and distal extremities of me cap- 
sule 36 are bonded together by a sokler in the regions 45 
46 as indicated in Rgure 2. The solder can be of a suit- 
able type, such as a tin silver solder comprised of 95% 
tin and 5% silver. When constructed In this manner, the 
capsule 36 can have an inside diameter of 4.445 x 10-3 
- 7.62 X 1 0 3m (. 1 75 inches to .300 inches) with a nom- so 
inal wall thickness of 3.048 x lO'Sm (.0012 inches). 

The capsule 36 is secured to the distal extremity of 
the flexible elongate tubular member 16 by a capsule 
adapter 51 of a suitable material such as a polycar- 
bonate. The capsule adapter 51 is secured in the proxi- 55 
rml extremity of the capsule 36 by suitable means, as a 
press fit or alternatively, in addition, by the use of a suit- 
able adhesive such as a cyanoacrylate ester The other 
extremity of the capsule adapter 51 is also mounted in a 



suitable n^anner such as by a cyanoacrylate ester adhe- 
sive to the distal extremity of the flexible etongate tubular 
menrt>er 16. The capsule adapter 51 is provided with a 
hole 52 of a suitable diameter such as 1/1 6th of an inch. 
5 The capsule 36 made in accordance with the 
present invention has a number of desirable features. It 
is particularty desirable because it Is flexible and can be 
bent through an angle of 70 to 120*» in a length of 8-20 
centimeters. In order to prevent hangups on the inside 
10 edges 41 of the ribbon, the inskfe edges are rounded 
and polished, preventing damage to capsule contents 
during ejection as hereinafter described. The Kevlar 
strands 43. which are also contained by the outer jacket 
orlayer 38. serve to maintain the wrap, prevent stretching 
15 or elongation and prevent discontinu'rties from being 
formed in the capsule during use of the same. In addition, 
the Kevlar strands prevent the capsule from being flexed 
beyond a predetermined angle, as. for example, 120**. 
Thus, it can be seen that a capsule 36 has been pro- 
20 vided which is very flexible, yet is still very hard and has 
great strength which inhtoits crushing or collapsing while 
being bent or flexed. In other words, it is kink resistant. 
It is also puncture proof due to the use of the metal ribbon 
39- The capsule 36 is semi-radiopaque and is radiation 
25 sterilizaWe. 

The endovascular grafting apparatus also includes 
a balloon catheter assembly 61 which consists of a shaft 
in the form of a flexible elongate element 62 formed of a 
suitable material such as irradiated polyethylene tubing 
50 extruded to a larger diameter of 4.064 x 10-3m (.160 
inches) outside diameter and 2.286 x 10"3m (.090 
inches) inside diameter and then reduced in size by heat- 
ing and elongating the same to provide an inside diam- 
eter of 5.08 x 10-4m (.020 inches) and an outside 
35 diameter of 1.27 x lO'Sm (.050 inches). However, the 
inskle diameter can range from 3.81 x 10*4 . 6.35 x 
10 4m (.015 to .025 inches) and the outside diameter 
can range from 8.89 x 1 0-4 . 1 .651 x 1 0-3m (.035 to .065 
inches) for a single lumen balloon catheter assembly. 
40 The single balloon inflation lumen 63 extends the length 
of the catheter. The catheter can have a suitable length 
as, for example. 50 to 130 centimeters. The lumen 63 
can also serve as an injeclate lumen and a pusher wire 
lumen as hereinafter described. 
45 A separate balloon 64 formed of suitable material 
such as polyethylene is secured to the distal extremity of 
the flexible elongate member 62 in a manner hereinafter 
described. A pusher button 66 is provided which is 
formed of a suitable material such as 300 series stainless 
so steel. The pusher button 66 can have a diameter ranging 
from 3.048 x 10"3 - 5.08 x 10~^m (.120 inches to .200 
inches) and preferably an outside diameter of approxi- 
mately 3.556 x 10-3m (.140 inches). Stainless steel is 
utilized to acNeve radiopacity. 
55 The pusher button 66 is mounted on a fixed position 
on the catheter shaft 62 and is spaced a predetermined 
distance from the proximal extremity of tfie balloon 64 
as, for example, a distance of 2 to 3 centimeters. The 
pusher button 66 is retained in this position longitudinally 
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of the shaft 62 by annular bulbs 67 and 68 which are 
formed by localized heating in those areas of the shaft 
62 which causes it to expand radially in an attempt to 
achieve its original size to tr^ the pusher button 66 in 
that position on the shaft 62. Thus, it can be seen that 5 
the pusher button 66 can be mechanically trapped In 
place without the use of an adhesive and without chang- 
ing the size of the lumen 63 which extends therethrough. 
An alternative embodiment in which the pusher but- 
ton 66 is movable between the proximal extremity of the w 
balloon 64 and a single bulb 67 is shown in Rgure 4. 

A small stainless steel tube 69 is disposed within the 
balloon 64 and has its proximal extremity seated within 
the distal extremity of the shaft or flexible elongate mem- 
ber 62. The tube 69 has a suitable inside diameter such is 
as 5,558 x lO'^m (.022 inches), an outside diameter of 
8. 128 X 10 4m (.032 inches) and a suitable length as, for 
example. 7.5 centimeters. As can be seen from Rgure 
3. the tube 69 extends through the balloon 64 and termi- 
nates in the distal extremity of the balloon. The proximal 20 
extremity of the tube 69 is flared slightly so that it is firmly 
retained within the shaft 62 when the proximal extremity 
of the balloon is fused to the shaft 62 by the use of heat 
The tube 69 serves to provide stiffness to the balloon 64 
of the balloon catheter assembly 61 and is provided with 25 
a lumen 71 extending therethrough through which a fluid 
such as a gas or liquid can be introduced from the lumen 
63 into the lumen 71 to inflate the balloon and to there- 
aftar deflate the balloon 64 by withdrawing the gas or liq- 
uid. The balloon 64 can vary in diameter from 1 2 to 35 30 
millimeters in diameter and can have a wall thickness 
ranging from 2,54 x 10"5 - 1 .27 x IQ-^m (.001 and .005 
inches). The polyethylene utilized for the balloon is irra- 
diated to achieve an appropriate balloon size. One bal- 
loon made in accordance with the present invention had 35 
an outside diameter of 16 millimeters and had a wall 
thickness of approximately 7.62 x 10~5m (.003 inches). 
In addition, the balloon when deflated Is twisted into a 
helix and heated so as to provide it with a memory which 
fadlitates its introduction into a vessel of a patient as 40 
hereinafter desaibed. 

A very flexible guide wire 74 is secured to the distal 
extremity of the balloon 64. The guide wire can have a 
suitable diameter such as 1.321 x lO'Sm (.052 inches) 
in outside diameter and can have a suitable length, as 45 
for exanple. 7 centimeters. The guide wire 74 can be a 
spring formed from wire having a suitable diameter such 
as 2.286 X 10-4m (.009 inches) so that it will be radio- 
paque and thus readily observable under x-rays when 
being used. The guide wire Is provided with a rounded so 
tip 76 which can be formed from a suitable material such 
as a tin silver solder of 95% tin and 5% silver. The sokJer 
76 has bonded therein the distal extremity of a safety 
ribbon 77 which extends towards the proximal extremity 
of the spring guide wire 74 and is secured to the proximal ss 
extremity thereof by suitable means such as the same 
tin silver solder hereinbefore described. The guide wire 
74 can range in diameter from 9.144 x 10"^ - 1.524 x 
10"3m (.036 inches to .060 inches). The ribbon 77 can 



be formed of a suitable material such as stainless steel 
and have a thickness of 7.62 x lO'Sm (.003 inches) and 
a width of 2,54 x 10"4m (.010 inches). 

As can be seen from Rgure 3. the proximal extremity 
of the spring guide wire 74 has been stretched longitu- 
dinally beyond the yield point so that there is a space or 
interstice between each turn of the wire fbrming the prox- 
imal extremity of the spring. A plug 78 of a non-irradiated 
polyethylene is placed within the proximal extremity of 
the spring guide wire 74 but remote from the distal 
extremity of the tube 69. The plug 78 and the distal 
extremity of the balloon 64 are then heated to cause the 
rron-irradiated polyethylene to melt and flow into the 
interstices of the stretched spring 74 to bond the spring 
74 to the distal extremity of the balloon 64 and to seal 
the distal extremity of the balloon so that gas cannot 
escape therefrom. 

The guide wire 74 is easily observed using x-rays 
due to its width and stainless steel composition. Since 
the pusher button 66 is also formed of stainless steel, it 
also is an easy marker to follow. The pusher button 66 

and guide wire 74help indicate the position of theballoon 
64 because the balloon 64 is positioned between the 
pusher button 66 and the guide wire 74. The balloon 64 
itself can be observed under x-rays because the blood 
in the patient's vessel is more opaque than the gas used 
for inflating the balloon. However, increased visibility of 
the balloon 64 can be obtained by inflating the baltoon 
64 with a diluted radiopaque contrast solution. In addi- 
tion, if desired as shown in Figure 3. two radiopaque 
bands 79 and 80 of a suitable material such as platinum 
or a platinum tungsten alloy can be placed on the proxi- 
mal and distal extremities or necked-down portions of the 
balloon 64 to aid in ascertaining the position of the bal- 
loon 64. 

H should be appreciated that although a separate 
balloon 64 has been provided, if desired, an integral bal- 
loon can be provided which is fonned of the same tubing 
from which the flexible elongate tubular member 62 is 
made. This can be readily acconplished. as is well 
known to those skilled in the art, by using an additional 
radiation dose for the balloon region of the tubing. 

In Rgures 5 and 6 there is shown an alternative bal- 
toon catheter assembly 81 which utilizes a multi-lumen 
flexible shaft 82 having a balloon 84 secured to the distal 
extremity of the same. The flexible shaft 82 is provided 
with a guide wire lumen 86 of a suitable size, as for exam- 
ple. 1.016 X 10-3m (.040 inches) which extends the 
entire length of the shaft and through the balloon 84. It 
is also provided with a baltoon inflation lumen 87 of a 
smaller size such as 2.54 x 10"4m - 3.81 x lO'^m (.010 
to .015 inches) which opens through a notched recess 

90 into the interior of the balloon 84. The lumen 87 can 
be connected to a suitable syringe or other device for 
irrf lating and deflating the balloon 84. A push^ button 88 
is mounted on the shaft 82 which is held in place by a 
bulb 89 formed on tfie shaft 82. A conventional guide wire 

91 can then be inserted into the lumen 86 of ttie catheter 
assembly 81 and utilized in a conventional manner to 



5 



9 



EP0466 518 B1 



10 



advance the balloon catheter into tortuous vessels. Thus 
It can be seen that applicants' balloon catheter assembly 
81 can be utilized in an over-the-wire system which is 
commonly used in angioplasty. The proximal and distal 
extremities of the balloon 84 can be fused by heat to the 5 
shaft 82 so that the balloon 84 can be inflated and 
deflated. With the guide wire 91 removed the lumen 86 
can be used as an injectate lumen. 

The endovascular grafting apparatus also includes 
a pusher rod assembly 96 which is shown in Rgure 7. It 10 
consists of a rigid thin wall tube 97 fonned of a suitable 
material such as stainless steel, ft has a suitable length 
as, for exarrple. 2 1 centimeters and has an outside diam- 
eter of 1 ,651 X lO-jm (.065 inches) and an inside diam- 
eter of 1.346 x 10 3m {,053 inches). An elongate solid 75 
flexible wire 98 of a suitable diameter as. for example 
4.572 X 10 *m (.018 inches) is provided which extends 
centrally into the bore 99 of the tube for the entire length 
of the rigid tube 97. The wire 98 is secured by suitable 
means such as an adhesive into a male Luer cap 101 20 
mounted on the proximal end of the tube 97. 

The outside of the tube 97 is small enough so that it 
can slide inside the lumen sleeve 1 8 of the liner 1 7 of the 
catheter 12. The bore 99 of the rigid tube 97 is large 
enough so that it can receive the balloon catheter shaft 25 
62 with the wire 98 extending into the lumen 63 of the 
shaft 62, The wire 98 is long enough so that ft can extend 
through the balloon shaft 62 and through the balloon 64 
and the tube 69 to engage the plug 78 provided at the 
distal extremity of the balloon 64. Typically, the pusher 30 
rod assembly 96 has a total length of approximately 75 
centimeters. 

An afternative pusher rod assembly 106 is shown in 
Figure 8 and consists of a rigid tube 107 similar to the 
tU5e97withawire 108 having a diameter of. for example. 35 
4,572 x 1 0 ^m (.01 8 inches) extending into the same and 
being connected to a rr^le Luer cap 109. A Touhy Borst 
0-ring adapter 1 1 1 is secured to the proximal extremrty 
of the tube 107 and is provided with an 0-ring 112. A 
female Luer fftting 1 13 is mounted on the Touhy Borst 40 
adapter 111, In use of pusher rod assembly 106. the 
shaft 62 of the balloon catheter assent»ly 61 is threaded 
into the tube 106 over the wire 108 and through the o- 
ring 1 12. The proximal extremity of the shaft 62 is flared 
slightly over the o-ring after which the Touhy Borst 45 
adapter 111 can be tightened to seal the o-ring 112 
around the balloon catheter shaft 62. After certain oper- 
ations are acconplished as hereinafter described, the 
male Luer cap 109andthewire 108 attached thereto can 
be removed and a syringe (not shown) can be placed on so 
a female Luer adapter 1 13 to inflate the balloon. 

An alternative embodiment ol a pusher rod assem- 
bly 1 16 cooperating wfth the balloon catheter assembly 
81 shown in Figure 5 is shown in Rgure 9. The pusher 
rod assembly 116 is comprised of a flexible relatively 55 
rigid tubular sleeve 117 of stainless steel which has a 
bore of a diameter to accommodate the shaft 82 of the 
catheter assembly 81 through which the guide wire 91 
exterxte. A wye adapter 1 18 is secured to the proximal 



©ctremity of the sleeve 117. A stop 119 is mounted in the 
side arm of the adapter 1 1 8 and a Touhy Borst adapter 
120 is mounted in the central arm of the adapter 118. 
The guide wire 91 extends through the guide wire lumen 
86 and through the wye adapter 1 1 8 and the Touhy Borst 
adapter 120 so that ft can be readily engaged by the hand 
for advandng and retracting the guide wire 91 . The bal- 
loon 84 can be inflated and deflated through the stop 
cock 119. By pushing on the adapter 118 a force is 
applied to the pusher button 88 by the coaxial sleeve 1 1 7 
for a purpose hereinafter described. 

The endovascular grafting apparatus 11 also 
includes an expandable intraluminal vascular graft 121 
shown in Rgures 10 and 1 1 for inplanting in a body ves- 
sel. The graft 121 consists of a defbmnable tubular mem- 
ber 122 which is provided wrth first and second ends 123 
and 124 and a cylindrical or continuous wall 126 extend- 
ing between the first and second ends 1 23 and 1 24. The 
continuous wall 126 can be woven of any surgical 
implantable material such as a Dacron-type 56 fiber. One 
material found to be satisfactory is DeBakey soft woven 
Dacron vascular prosthesis (unaimped) sold by USCI, 
In order to prevent unraveling of the woven material at 
the ends, the ends can be melted with heat to provide a 
small mefted bead of Dacron on each end. The tubular 
member 122 can have a suitable length as. for example. 
8 to 15 centimeters with 10 centimeters being typical! 
The tubular member 122 can have a maximum expand- 
able diameter ranging from 14 to 30 millimeters and a 
minimum diameter in a collapsed conditton of 4.445 x 
10 3 . 7.62 x 10-3m (.175 to .300 Inches). Expandable 
spring means 131 is provided on each of the first and 
second ends 123 and 124 of the tubular mender 122 
and is secured to the tubular member. The spring means 
serves to yieWably urge the tubular member 122 from a 
first compressed or collapsed posrtion to a second 
expanded position. The spring means 131 is formed of 
a pluralrty of vees 132 with the apices 133 of the vees 
132 being formed with helical coil springs 136 to yielda- 
bly urge the legs 137 and 138 of each of the vees 132 
outwardly at a direction at right angles to the plane in 
which each of the vees lie. The spring means 131 is 
shown more in detail in Rgure 1 1 and as shown therein, 
the spring means is comprised of a single piece of wire 
which is formed to provide the vees 132 and also to 
define the helical coil springs 1 36 between the legs 137 
and 138. In the construction shiown in Rgure 10. it can 
be seen that the spring means 131 have apices lying in 
three longftudinally spaced-apart parallel planes 141. 
142 and 143 which are spaced with respect to the longi- 
tudinal axis of the tubular member 122. The two ends of 
the single piece of wire can be welded together in one of 
the legs 137 and 138 to provide a continuous spring 
means. 

The spring means 131 is secured to tfie first and sec- 
ond ends 1 23 and 1 24 of the tubular member by suitable 
means such as a Dacron polyester suture material 146 
which is utilized for sewing the spring means onto the 
tubular member This can be accomplished by a sewing 
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operation with the suture material 1 46 extending into and 
out of the wall 126 of the tubular member and in which 
knots 147 are formed on each of the legs or struts 137 
and 138 in such a manner so that the apices lying in the 
plane 141 extend outwardly and are spaced from the end 5 
on which they are mounted and in which the apices lying 
in the plane 1 42 extend just beyond the outer edge of the 
tubular member and in which the apices in the third plane 
are positioned inwardly from the outer edge. 

Hook-like elements 1 51 are provided on the apices 10 
lying in planes 141 and 142 and are secured to the vees 
132 in the vicinity of the apices by suitable means such 
as welding. The hook-like elements 151 can have a suit- 
at>Ie diameter such as 2.54 x 1 0"-* - 3.556 x 1 0~3m (.01 0 
to 0. 1 4 inches) and a length from .5 to 3 millimeters. The is 
hook-like elements are sharpened to provide conical 
tips. The hook-like elements 151 should have a length 
which is sufficient for the hook to penetrate into the ves- 
sel wall, but not through the vessel wall. 

The spring means 131 with the hook-like elements 20 
151 secured tha-eto are formed of a conosion resistant 
material which has good spring and fatigue characteris- 
tics. One such material found to be particularly satisfac- 
tory is Elgiloy which is a chromiunr>-cobalt-nickel alloy 
nrranufactured and sold by Elgiloy of Elgin, Illinois. The 25 
wire can have a diameter ranging from 2.54 x lO'^m - 
3.81 X 10~4m (.010 to .015 inches) in diameter with the 
smaller diameter wire being utilized for the smaller diam- 
eter tutelar members as, for example. 12 to IS millime- 
ters in diameter and the larger tubular members as, for 30 
exanrple. those having a 30 millimeter diameter using the 
larger wire sizes. 

It has been found that the spring force created by 
the helical coils 136 at the apices 133 is largely deter- 
mined by the diameter of the wire. The greater the diam- 35 
eter of the wire, the greater the spring force applied to 
the struts or legs 137 and 138 of the vees. Also, the 
longer the distances are between the apices lyirig in 
planes 141 and 142, the smaller the spring force that is 
applied to the legs or struts 1 37 and 1 38. It therefore has 40 
been desirable to provide a spacing between the outer 
extremities of the legs or struts of approximately one cen- 
timeter, although smaller or larger distances may be uti- 
lized. 

The hook-like elements 151 at the proximal and dis- 45 
tal extremities of the graft 121 are angled at suitable 
angles with respect to longitudinal axis of the tubular 
member 122. The hook-like elements face towards each 
other to fadlitate holding the graft 121 in place in the ves- 
sel of the patient. Thus, the hook-like elements 151 on so 
the proximal extremity 123 are inclined from the longitu- 
dinal axis by 55^ to SO"* and preferably about 65** toward 
the distal end of the graft 121 in the direction of Wood 
flow. The hook-like elements 151 on the distal end 124 
of the graft or implant 1 21 are inclined from the longitu- ss 
dinal axis by 30- to 90^ and preferably SS** in a direction 
towards the proximal end 1 23 and opposite the direcUon 
of Wood flow. The hook-like elements 151 serve as 



attachment means at each end of the graft 1 21 and when 
Irrplanted oppose migration of the graft. 

The helrcal coil wrings 136 placed at the nodes or 
apices 133 of the vees 132 of the spring means 131 
serve to facilitate compression of the graft when it is 
desired to place the same within the capsule 36 as h&e- 
inafter described. The ccwnpression of the graft Is accom- 
plished by deformation ofthe coil springs 136 within their 
elastic limits. Placing tfie nodes or apices 1 33 in different 
planes greatly aids in reducing the size to which the graft 
can be reduced during compression of the same by stag- 
gering or offsetting the hooks or hook-like elements 151 . 
This also helps to prevent the hook-like elements from 
becoming entangled with each other. The natural spring 
forces of the hefical coil springs 136 provided in the api- 
ces of the vees serves to expand the graft to its expanded 
position as soon as the graft is free of the capsule 36. By 
way of example, as shown in the drawings, three apices 
or nodes can be provided in the plane 1 41 and three api- 
ces or nodes in the plane 142 which are offset longitudi- 
nally with respect to the nodes in plane 141 and six nodes 
in plane 1 43, The placement of six nodes or aprces 1 33 
in the plane 1 43 does not interfere with the conpression 
of the graft 1 51 because there are no hook-like elements 
1 51 at these nodes or aprces 1 33 in the plane. For larger 
diameter grafts, the spring means 131 can be provided 
with additional apices or nodes 133 to enhance attach- 
ment as hereinafter described. 

Radiopaque marker means is carried by the graft 
121. The radiopaque marker means takes the form of 
four radiopaque markers 156. The radiopaque markers 
are made of a suitable material such as a platinum tung- 
sten alloy wire of a suitah>le diameter such as 7.62 x 
1 0 5m (.003 inches which is wound into a spring coil hav- 
ing a diameter of 1 .01 6 x 1 Q-^m (.040 inches) ard having 
a length of 3.1 75 x lO'^m (.125 inches). These mariners 
1 56 are secured to the tubular member 1 22 by the same 
suture material 1 46. Two of the radiopaque mari<ers 156 
are focated on the tubular member 122 in spaced apart 
aligned positions tongitudinally of and parallel to the ton- 
gitudinal axis of the tubular member 122 but are adjacent 
to the apices 133 lying in the planes 143 at the opposite 
ends 123 and 124 of the graft 121. Thus the markers 156 
are spaced a maximum distance apart on the graft but 
still within the attachment means carried by the graft 1 21 . 
Another set of two markers is provided on the tubular 
member 122 spaced 180* from the first set of two mark- 
ers along the same longitudinal axis (see Figure 15). By 
placing the markers in these positions, it is possible to 
ascertain the position of the graft 121 and at the same 
time to ascertain whether or not there has been any twist 
in the graft between the first and second ends of the graft. 
In other words when there is no twist in the graft 1 21 tfie 
four markers 1 56 form four corners of a rectangia How- 
ever, if a twist in the graft 121 is present, then the pair of 
markers 156 at one end of the graft 121 have a different 
spacing transverse of the tongitudinal axis of the graft 
then the other pair of nrarkers 156 at the other end. 
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fn order to ensure that the graft 121 will not become 
dislodged after it has been implanted, it may be desirable 
to provide altemative hooMike elements to ensure that 
the graft will remain in place after it has been inplanted. 
An alternative hook-like element 161 is shown in Rgure 5 
12inwhi<^ each of the hook-like elements 161 has been 
provided with a barb 162 which extends outwardly from 
the main body 1 63 of the hook-like element. Tlius Ijy way 
of example, the main body 163 can be formed of a wire 
having a suitable diameter such as 3.048 x 1 0'^m (.01 2 ,a 
inches) with the diameter of the hook-like body in the 
vicinity of the barb 162 having a suitable diameter such 
as 2.54 X 10 4m (.010 inches). The hook-like element 
can have a suitable length such as 1 .5 miHimeters 

Another alternative hook-like element 1 66 is shown is 
in Rgure 13 which has a body 167 of a suitable diameter 
such as 2.54 X 10-4m (0.10 inches) with a conical tip 
168. Outwardly extending spring-like ribbons 169 having 
a suitable dimension such as 5.08 x 10"5m (.002 inches) 
in thickness and a width of 2.032 x 10~4m (.008 inches) 20 
are secured by suitable means such as welding to the 
body 167. As shown, the spring-like elements 169 can 
flare outwardly so that in the event any attempt is made 
to withdraw or retract the hook-like element, the spring- 
like rtobons 169 will become firmly int»edded in the tis- 25 
sue to inhibit such removal. It also should be appreciated 
that other means can be provided on the hook-like ele- 
ments to inhibit withdrawal of the same from tissue once 
they have become embedded in the same. Thus, by way 
of example as shown in Figure 1 3. helical or annular ser- 30 
rations 170 can be provided on the hook body to inhibit 
such withdrawal. In each of the embodiments with the 
hook-like elements it can be seen that the profile of the 
hook-like element is kept to a minimum during the time 
that it is penetrating the tissue. 35 

The endovascular grafting apparatus 11 is shown 
assembled for use as shown in Figure 1 typically in the 
manner it would be packaged for shipment to a hospital 
or doctor for use. As shown in Rgure 1. the graft has 
been compressed or squeezed onto the balloon shaft 62 40 
and is positioned within the capsule 36 with the pusher 
button 66 being positioned immediately to the rear or 
proximal to the proximal extremity of the graft (see Rgure 
14), In this connection it should be appreciated in order 
to minimize the diameter of the graft to make use of a 45 
capsule of minimum diameter, the balloon catheter 
should be of minimum profile. The balloon shaft 62 is 
threaded on the wire 108 and extends into the rigid tube 
107 of the pusher rod 106. The balloon 64 is disposed 
fon*vardly or distally of the capsule 36. The wire 108 is in so 
engagement vwth the plug 78 in the distal extremity of 
the balloon 64. 

When it is desired to perform a procedure utilizing 
an endovascular or system grafting apparatus 1 1 of the 
present invention to perform the method of the present 55 
invention, an apparatus is selected wNch has the appro- 
priate size of graft 121 within the capsule 36. The length 
and size of the graft 121 is determined by the size of the 
vessel of the patient in which the aneurysm has 



occun-ed. Typically the size of the graft 121 is selected 
so that it has sufficient length to span approximately one 
centimeter proximal and one centimeter distal of the 
aneurysm so that the hook-like elements 151 of the graft 
can seat within normal tissue of the vessel on both sides 
of the aneurysm. Thus, the graft shouW be two centim- 
eters longer than the aneurysm being repaired. The 
diameter is selected by measuring the vessel in a preim- 
plant procedure by conventional racfiographic tech- 
niques and then using a graft 121 of the next larger one 
milfimetersize. During the preimplantftuoroscopy proce- 
dure, using a conventional pigtail catheter, the locations 
of the renal arteries are ascertained so that they will not 
be covered by the graft 121 when it is implanted. 

Let ft be assumed that the patient on whom the oper- 
ation is to take place has been prepared in a conventional 
manner by use of a dilator with a guide wire and a sheath 
(not shown) to open the femoral artery or vessel of the 
patient. The apparatus 11 is inserted into the sheath 
which has previously been placed in the femoral artery 
of the patient. This insertion can be accomplished with- 
out a guide wire, with a guide wire or by the use of a soft 
sheath previously positioned over a guide wire. With the 
construction shown in Rgure 3, the balloon 64 with its 
guide wire 74 followed by the capsule 36 is introduced 
into the femoral artery and advanced in the femoral 
artery by the physician grasping the proximal extremity 
of the capsule catheter 12 and the cap of the push«* rod 
assen^y 96. The balloon 64 is twisted into a helix to 
place it in its helical memory condition to reduce its pro- 
f fle to a minimum. The balloon 64 and the capsule 36 are 
advanced by the physidan into the desired position by 
use of the guide wire 74. The physidan slightly rotates 
the apparatus 1 1 in fhe direction of the balloon twist to 
maintain the helical twist in the balloon 64 and pushes 
on the apparatus 11. 

Typically a desired position will be within the abdom- 
inal aorta with the proximal extremity 1 23 of the graft 1 2 1 
and at least one centimeter distal to ttie lower renal 
artery. At about the same time, the physician should 
rotate the capsule catheter 12 to rotate the capsule 36 
and the graft theran in order to orient the radiopaque 
graft markers 156 such that the distance between the 
pair of mariners 156 at each end of the graft 121 is max- 
imized. As soon as the capsule 36 is in the desired posi- 
tion, the Touhy Borst O-ring assembly 27 is opened to 
permit free movement of the pusher rod assembly 96. 
With the balloon 64 riding well beyorKi or just distal of the 
end of the capsule 36. one hand of the physidan is used 
for holding the pusher rod assembly 96 by engaging the 
cap 101 and holding the pusher rod stationary and pull- 
ing outwardly on the capsule catheter 12 with the other 
hand to cause relative movement between the pusher 
rod assembly 96 in the inner liner 1 7 and the capsule 36. 
This causes the wire 98 of the pusher rod assembly 96 
to engage the plug 78 of the balloon catheter assembly 
61 , The pusher button 66 carried by the balloon catheter 
shaft 62 which is in engagement witfi the proximal 
extremity of the graft 121 in the region of the nodes 133 
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in the plane 143 forces the graft *121 out of the capsule 
36 as the capsule is withdrawn. As soon as the proximal 
extremity ofthe graft 121 has cleared the distal extremity 
of the capsule, the proximal extremity 123 of the graft 
121 pops outwardly under the force of he spring means 5 
131 carriedbytheproximalextremity 123of thegraft121 
and will spring into engagement with the vessel wall 166. 

As soon as this has occun-ed. the pusher rod assem- 
bly 96 is pulled out of the capsule catheter 12. While the 
physidan uses one hand to hold the capsule catheter 12 10 
stationary, the catheter shaft 62 which is protruding prox- 
imally of the capsule catheter 1 2 is grasped by the other 
hand and pulled reanwardly to position the proximal 
extremity of the balloon 64 into the proximal extremity 
123 of the graft 121 as shown in Figure 15. A conven- 15 
tiona! hand operated syringe and Tuohy Borst adapter 
(not shown) are then taken and attached to the proximal 
extrerroty of the balloon catheter shaft 62. The balloon 
64 is then expanded by inUoducing a suitable gas such 
as carbon dioxide or a dilute radiopaque liquid from the 20 
syringe to urge the hook-like elements 151 outwardly to 
firmly seat within the vessel wall 166. 

As soon as this has been accompfehed, the capsule 
catheter 12 is pulled out further with the balloon 64 still 
inflated until approximately one-half or more of the graft 25 
121 has cleared the capsule 36. Leaving the balloon 
inflated provides additional security to ensure that the 
proximally seated graft 121 will not move during retrac- 
tion of the capsule 36. The balloon 64 is then deflated. 
The balloon 64 is then retracted further into the graft and 30 
relnflaled to ensure that a good attachment is made 
between the hook-like elements 151 earned by the 
spring means 131 at the proximal extremity 123 of the 
graft 121. The capsule 36 can then be removed in suc- 
cessive steps and the balloon deflated, retracted and 35 
reinflated. The capsule catheter 12 can then be with- 
drawn completely to the distal portion of the abdominal 
aorta to permit the distal extremity 124 of the graft 121 
to move out completely of the capsule 36 and to permit 
itsdistal extremity 124 tospringopenandhavethehook- 40 
like elements 151 move into engagement with the vessel 
wall 166. Thereafter, the balloon 64 is again deflated. 
The balloon catheter shaft is then grasped by the physi- 
cian's hand and pulled reanwardly to center the balloon 
64 within the distal extremity 1 24 of the graft 1 21 . The 45 
balloon 64 is reinflated to set the hook-like elements 151 
at the distal extremity of the graft into the vessel wall 1 66. 
As soon as this has been completed, the ballo<») 64 is 
again deflated. The balloon catheter assemWy 61 is then 
removed from the femoral artery 5^ 

The entire procedure hereinbefore can be observed 
under fluoroscopy. The relative positioning of the graft 
1 21 and the balloon 64 can be readily ascertained by the 
radiopaque attachment means 131, radic^aque markers 
1 56 provided on the graft, and the radiopaque portions 55 
of the balloon 64. If any twisting of the graft 121 has 
occurred between placement of the proximal hook-like 
elements and the distal hook-like elements, this can be 
readily ascertained by observing the four markers 156. 



Adjustments can be made beffore ejection of the distal 
extremity 124 by rotatfon of the capsule catheter 12 to 
elinrtinate any twisting which has occurred. In addition, 
the distance between the pairs of radropaque markers 
156 tongitudinal of the axis is measured on the flat plate 
abdominal x-ray made during the procedure and cc»n- 
pared vwth the known distance between the pairs of 
rmrkers 156 longitudinal of the axis of the graft 121 
ascertained during manufacture of the graft 121 . This is 
done to ascertain whether longitudinal accordioning of 
the graft 121 has occurred. 

Post inplant fluoroscopy procedures can be utifized 
to confirm the proper implantation of the device by the 
use of a conventional pigtail catheter. Thereafter the 
sheath can be removed from the femoral artery and the 
femoral artery ctosed with conventional suturing tech- 
nques. Tissues should begin to grow into the graft within 
two to four weeks with tissue completely covering the 
interior skie of the graft within six months so that no por- 
tion of the graft thereafter wouW be in communication 
with the blood circulating in the vessel. This establishes 
a conplete repair of the aneurysm which had occun-ed. 

It is apparent from the foregoing that there has been 
provkJed a new and improved endovascular grafting 
apparatus, system and method for utilizing the same. 
The consti-uction of the capsule catheter is such that it 
has sufficient rigidity to ensure easy and ready place- 
ment of the capsule carried thereby. The pusher rod 
asseni)ly which is used therein is constrained in such a 
n^nner so that relatively great forces can be applied to 
the pusher rod assembly even though the pusher wire 
has only a diameter of .018 inches. The tube 69 also 
serves to provide a confined space for the wire 98 to sit 
in while a high compressive force is being applied to the 
wire. The me 69 prevents the wire from buckling or kink- 
ing within the balloon. It also prevents the balloon from 
collapsing during insertion of the apparatus 1 1 . The cap- 
sule 36 which is provided as a part of thecatheter assem- 
bly is fbrnied of metal virfiich makes it possible to utilize 
grafts having very sharp hook-like elements without any 
danger of ttiem penetrating the capsule during the time 
tfiat the capsule is being introduced into the vessel of the 
patient In addition, the capsule since it is flexWe and 
can bend tiirough angles up to approximately 120* in 
order to readily negotiate the bends which occur in the 
vessel of the patient. The balbon catheter is made in 
such a way that the balloon can be readily introduced 
into the vessel because of the rigid tulxjiar member pro- 
vided within the balloon whfle at the same time permitting 
inflation and deflation of tiie balloon through tfie same 
tubular member. The pusher button 66 is mounted on the 
balkx)n catiieler in such a manner so that it cannot shift 
at all in one direction or proximally longitudinally of the 
balloon catheter. The pusher button 66 also can only 
nwve a limited distance towards the balkwn 64 until it 
reaches the balloon 64. In one embodiment shown in 
Rgure 3 ttie pusher button 66 cannot move proximally or 
distally whereas in anotiier embodiment shown in Rgure 
4 it cannot move proximally but can move distally. This 
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is an advantage when retracting the proximal extremity 
of the balloon 64 into the graft 121 for placement of the 
proximal hook-like elements 151 l)ecause the pusher 
button 66 can slide fonwardiy or distally of the shaft 62 
as the shaft 62 is retracted to bring the proximal extremity 5 
with the balloon 64 into the graft 121. Thus the pusher 
button 66 will not be pulled back into the capsule 36 and 
cateh on the collapsed distal extremity 124 of the graft 
121 within the capsule 36. The baltoon is also mounted 
on the distal extremity of the balloon catheter in such a w 
n\anner so that the balloon cannot leak. The balloon 
catheter can be provided with either a fixed guide wire, 
or if desired, a movable guide wire so that an over-the- 
wire system can be utilized. 

The capsule 36 is constructed in such a manner so is 
that it is semi-radiopaque allowing it to be visualized 
while still permitting observation of the graft within the 
capsule and the attachment means provided on the graft. 
The capsule 36 is also constructed in such a manner so 
that the hooks which are provided on the graft will readily 20 
slide in one direction over the wraps or turns of the cap- 
sule without hanging up or catching onto the individual 
wraps of the ribbon forming the capsule. 

The graft which is provided with the helical coil 
springs at each of the nodes is particularly advantageous 25 
in that it permits compressran of the graft into a very small 
size without causing permanent deformation of the 
attachment means. Because of tine spring forces pro- 
vided by the attachment means, it is possible that the 
grafts can be implanted without the use of an inflatable 30 
Ijalloon for forcing the hook-like elements into the tissue 
of the vessel. However, at the present time, it is still 
believed to be desirable to utilize the balloon to ensure 
that the hook-like elements are firmly implanted into the 
wall of the vessel so as to inhibit migration of the graft 35 
within the vessel. 

Claims 

1. An endovascular grafting system including a cap- 40 
sule catfieter (12) conprising a flexible elongate 
tUxjIar member (16) having proximal and distal 
extremities and a capsule (36) mounted on the distal 
extremity of ttie tubular member (16); a graft (121) 
disposed within tfie capsule (36). the graft (121) 45 
comprising a tubular ment>er (122) having proximal 
and distal ends (123,124). hook-like attachment 
means (131) secured to ttie proximal and distal ends 
(123, 124) of the tulxilar member (122) and facing 
in a direction outwardly towards the inner wall of the so 
capsule (36); and push rod means (96) disposed 
vwthin the capsule catheter (12) and engaging the 
graft (121) whereby upon relative movement 
between the push rod means (96) and the capsule 
catheter (12). the graft (121) can be forced out of the ss 
capsule (36), characterised in that the capsule (36) 
is generally cylindrical in shape and is formed of a 
helical wrap of a metal ribbon (39) and means (38. 



43) bonding said wrap into a unitary capsule while 
permitting bending of said unitary capsule, 

2. A system as in Claim 1 together with a balloon cath- 
eter (61) comprised of a flexible elongate member 

(62) having proximal and distal extremities and a bal- 
loon (64) secured to the distal extremity of the flexi- 
ble elongate member (62). the flexible elongate 
mervter (62) of the balloon catheter (61) having a 
balloon inflation lumen (63) extending through the 
flexible elongate tubular member (16) of ttie capsule 
catheter (12) and means for inflating and deflating 
the baUoon (64) through the balloon inflation lumen 

(63) of the flexible elongate member (62) of the fc>al- 
loon catheter (61). 

3. A system as in Claim 2 wherein saki balloon cath^er 
(61) includes a rigid metallic tube (69) extending 
through the balkwn (64) and in communication with 
tile balloon inflation lumen (63). 

4. A system as in Claim 3 wherein said push rod means 
(96) includes a wire (98) extending ttirough said rigid 
metallic tube (69). 

5. A system as in Qaim 4 wherein said balloon catheter 
(61) includes a plug (78) distal of ttie baltoon (64) 
engageable by said wire (98). 

6. A system as in Claim 2 together with a pusher button 
(66) mounted on ttie flexible elongate member (62) 
of ttie balloon cattieter (61) and engaging ttie graft 



7. A system as in Claim 6 wherein ttie push rod means 
(96) engages ttie pusher button (66). 

8. A system as in Claim 6 wherein sakl pusher button 
(66) is mounted in a fixed position on ttie flexible 
elongate member (62) of tiie balloon catheter (61). 

9. A system as in Claim 6 wherein said pusher button 
(66) is mounted on said flexible elongate member 
(62) with tfie fcelloon cattieter (61) so ttiat It is mov- 
able between one position spaced from ttie prowmal 
exttemity of the balloon (64) and another position 
adjacent to ttie proximal extremity of the balloon 
(64). 

10. An expandable intraluminal vascular graft (121) for 
implanting ina body vessel comprising adeformaWe 
tulxilar member (122) having proximal and distal 
ends (1 23. 1 24) and a wall (1 26) extending between 
ttie proximal and distal ends (123, 124). the wall 
(126) being formed of a flexible material capafcrfe of 
receiving tissue ingrowtti. said tubular member (122) 
being capable of assuming a first position of reduced 
size for insertion into ttie body vessel and a second 
expanded position: expandable yieldable spring 
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means (131) secured to the proximal and distal ends 
(123. 124) of the tubular member (122). said yield- 
able sprir^ means (131) being in the form of sub- 
stantially vee-shaped spring portions (132) having 
apices (133) and legs (137. 138) extending from the 5 
apices (133) for urging said tubular mender (122) 
from said first position of reduced size to a second 
expanded position; and attachment means (151) 
secured to the proximal and distal ends (123.124) of 
the tukwlar member ( 1 22) for attachment to the body u 
vessel characterised in that said spring means (131) 
is provided with a helical torsion spring (136) at each 
apex(133) yieldably urging said legs (137, 138) ina 
direction to open the vee-shaped spring portions 



11. A graft as in Qaim 10 wherein said attachment 
means (151) is secured to said spring means (131). 

12. AgraftasinClaimlOorClaimll whaeintheattach- 20 
ment means (151) is in the form of hook-like ele- 
ments. 

13. A graft as in Qaim 12 wherein said hook-like ele- 
ments (151) are secured to the spring means (131) 25 
in the vicinity of the apices (133) of the vees (132). 

14. A graft as in Claim 13 wherein the apices (133) of 
the vees (132) lie in first and second planes (141. 

1 42) spaced longitudinally of the longitudinal axis of 30 
the graft (121). 

15. A graft as in Qaim 14 wherein the apices (133) in 
the first and second planes (141, 142) are spaced 
beyond the end of the tubular memtjer (122) and 35 
wherein the hook-like elements (151) are mounted 

on the vees (132) in the vicinity of the apices (133) 
lying in the first and second planes (141, 142). 

16. A graft as in Qaim 15 wherein the apices (133) in 40 
the first and second planes (141. 142) are offset dr- 
cumferentially with respect to the apices (1 33) in the 
other of the first and second planes (141. 142). 

1 7. A graft as in Claim 1 6 wherein at least three apices 45 
(133) are provkied in the first plane (1 41) and at least 
three apices (133) are provided in the second plane 
(142). 

18. A graft as in any of Claims 10 to 17. together with so 
radiopaque marker means (156) secured to ttie wall 
(126) of the tubular member (122). said marker 
means (156) including first and second aligned radi- 
opaque markers spaced apart longitudinally of the 
tubular member (122) to permit ascertaining 55 
whetfier any twisting of the tubular member (122) 
has occurred. 



19. A graft as in Claim 18 wherein tfie first and second 
markers (156) are positioned adjacent apices (133) 
of the yieWaWe spring means (131). 

2a A graft as in any of Qaims 10 to 19 wherein the 
attachment means (151) includes hook-like ele- 
ments, the hook-like elements extending outwardly 
from the tubular member (122) witti the hook-like 
elements on the proximal and distal ends (123.124) 
facing each other, 

21, A graft as in Qaim 20. wherein the hook-like ele- 
ments (151) on the proximal end (123) extend at an 
angle to the tongitudinal axis ranging from 55* to 80* 
in a Erection towards the distal end (1 24) of the graft 
(121) and wherein the hook-like elements (151) on 
the distal end (124) extend outwardly from the ver- 
tical in a direction ranging from 30* to 90* towards 
the proximal end (123) of the graft (121). 

PatentansprQche 

1 . Endovaskulares Inplantiersystem, umfassend 
einen Kapselkatheter (12). welcher mit einem flexi- 
blen langgestreckten rOhrenartigen Element (16) 
ausgebildet ist, das «n proximales und ein distales 
Ende aufweist. und mit einer Kapsel (36) ausgebil- 
det ist. wetehe an dem distalen Ende des rOhrenar- 
tigen Elements (16) angebracht Ist. ein Implantat 
(121). welches innerhalb der Kapsel (36) angeord- 
net ist. wobei das Implantat (121) ein rOhrenartiges 
Element (122) mit einem proximalen und einem 
distalen Ende (123. 124). ein hakenartiges Anbrin- 
gungsmittel (131), welches an dem proximalen und 
dem distalen Ende (123. 124) des rohrenartigen 
Elements (122) festgelegt ist und in einer Richtung 
auswarts auf die Innenwandung der Kapsel (36) zu 
weist. umfaSt. und ein Schubstangenmittel (96), 
welches innerhalb des Kapselkatfieters (12) ange- 
ordnet ist und an dem Implantat (121) angreift. 
wodurch bei einer Relativbewegung zwischen dem 
S(rfiubstangenmittel (96) und dem Kapselkatheter 
(12) das Implantat (121) ausder Kapsel (36) heraus 
gedruckt werden kann, 

dadurch gekennzeichnet, 
daB die Kapsel (36) von im allgemeinen zylindri- 
scher Form ist und aus einer schraidjenartigen 
WteWung aus einem Metallband (39) und Mittein 
(38. 43) gebikJet ist. welche die WicWung zu einer 
einheitiichen Kapsel verbirxlen. wahrend sie ein Bie- 
gen der einheitiichen Kapsel zulassen. 

2. System nach Anspruch 1 zusammen mit einem Bal- 
lonkatheter (61), welcher ein flexiWes langgestreck- 
tes Element (62) mit einem proximalen und einem 
distalen Ende und einem Ballon (64) umfaBt, wel- 
cher an dem distalen Ende des f lexiWen langge- 
streckten Elements (62) festgelegt ist. wot>ei das 
flexible langgestreckte Element (62) des Ballonka- 
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theta^ (61) eine BallonfullrOhre (63) aufweist. wel- 
che sich durch das flexible langgestreckte 
rOhrenartige Element (1 6) des Kapselkattreters (1 2) 
erstreckt sowie Mitte! zum BefOllen und Entleeren 
des Ballons (64) durch die Ballonfullrt^hre (63) des 5 
flexiblen langgestreckten Elements (62) des Balton- 
katheters (61). 

3. System nach Anspruch 2, vrorin der Ballonkatheter 

(61 ) ein steifes Metallrohr (69) umtaOt, welches sich 10 
durdi den Ballon (64) erstreckt und in Verbindung 
mit der Ballonf ullrOhre (63) steht. 

4. System nach Anspruch 3, worin das Schubslangen- 
mitlel (96) einen Draht (98) umfaBt welcher sich 15 
durch das steife Metallrohr (69) erstredct, 

5. System nach Anspruch 4. worin der Ballonkatheter 
(61 ) einen bezuglich des Ballons (64) distalen Pfrop- 

fen (78) umfeBt an welchem der Draht (98) angrei- 20 
fen kann. 

6. System nach Anspruch 2 zusammen mit einem 
Schiebeknopf (66). welcher auf dem flexiblen lang- 
gestreckten Element (62) des Ballonkatheters (61) 2s 
angebracht ist und an dem tmplantat (121) angreifL 

7. System nach Anspruch 6, worin das Schubstangen- 
mittel (96) an dem Schiebeknopf (66) angreift 

30 

8. System nach Anspruch 6. worin der Schiebeknopf 
(66) in einer festen Position an dem flexiblen lang- 
gestreckten Element (62) des Ballonkatheters (61) 
angebracht ist 

36 

9. System nach Anspruch 6, worin der Schiebeknopf 
(66) an dem flexiblen langgestreckten Element (62) 
mit dem Ballonkatheter (61) derart angebracht ist, 
daB er zwischen einer Position, in welcher er von 
dem proximalen Ende des Ballons (64) einen 40 
Abstand aufweist und einer weiteren dem proxima- 
len Ende des Ballons (64) benachbarten Posrtion 
bewegbar ist. 

10. Im Lumen einesGefaBesexpandierbareslnplantat 45 
(121) zum Implantieren in ein KOrpergefaB. umfas- 
send ^n verformbares rohrenartiges Element (122) 

mit einem proximalen und einem distalen Ende 
(123, 124) und einer srch zwischen dem praximalen 
und dem distalen Ende (123, 124) erstreckenden so 
Wandung (126). wobei die Wandung (126) aus 
einem flexiblen Material gebiWet ist, welches zur 
Aufnahme von einwachsendem Gewebe geeignet 
ist. wobei das rOhrenartige Element (122) in der 
Lage ist. eine erste Stellung veningerter GrOBe ein- 55 
zunehmen zum Einfuhren in das KdrpergefaB und 
eine zweite expandierte Stellung einzunehmen. ein 
expandierbares nachgiebiges Federmittel (131), 
welches an dem proximalen und dem distalen Ende 



(123. 124) des rOhrenartigen Bements (122) fest- 
gelegt ist wobei das nachgiebige Federmittel (131) 
die Form von im wesentiichen V-fOnnigen Federab- 
schnrtten (132) aufweist mit Scheitein (1 33) und Bei- 
nen(137, 138), welche sich von den Scheitein (133) 
erstrecken. um das rOhrenartige Element (122) von 
der ersten Stellung verringerter GrOBe zu einer 
zweiten expandierten Stellung zu drangen, und ein 
Anbringungsmittel (151), welches an dem proxima- 
len und dem distalen Ende (123. 124) des rOhrenar- 
tigen Elements (122) zur Anbringung an dem 
KOrpergefaB feslgelegt Ist, 
dadurch gekennzelchnet, 
daB das Federmittel (131) eineschraubenartige Tor- 
sionsfeder (136) an jedem Scheitel (133) aufweist, 
welche die Beine (137, 138) nachgiebig in einer 
Richtung zum Offnen der V-fOrmigen Federab- 
schnitte (132) drangt 

11. Implantat nach Anspruch 10. worin das Anbrin- 
gungsmittel (151) an dem Federmittel (131) festge- 
legtist. 

12. Implantat nach Anspruch 10 oder 11. worin das 
Anbringungsmittel (151) die Form von hakenartigen 
Elementen aufweist. 

1 3. Implantat nach Anspmch 1 2. worin die hakenartigen 
Elemente (151) an dem Federmittel (131) in der 
Umgebung der Scheitel (133) des Vs (132) festge- 
legt sirxi. 

14. Inplantat nach Anspruch 13, worin die Scheitel 
(133) der Vs (132) in ersten und zweiten Ebenen 
(141, 142) liegen. die langs der Langsachse des 
Implantats (121) einen Abstand zueinander aufwei- 
sen, 

15. Implantat nach Anspruch 14, worin die Scheitel 
(133) in den ersten und zweiten Ebenen (141, 142) 
uber das Ende des rdhrenartigen Elements (122) 
hinaus im At>stand zueinander angeordnet sind, und 
worin die hakenartigen Elemente (151) an den Vs 

(132) in der Umgebung der Scheitel (133) ange- 
bracht sind, die in den ersten und den zweiten Ebe- 
nen (141. 142) liegen. 

16. Implantat nach Anspruch 15, worin die Scheitel 

(133) in den ersten und den zweiten Ebenen (141, 
142) in Unrfangsrichtung bezuglich den Scheitein 
(1 33) in den anderen der ersten und zweiten Ebenen 
(141. 142) versetzt sind. 

17. Implantat nach Anspruch 16, worin wenigstens drei 
Scheitel (1 33) in der ersten Ebene (141) vorgesehen 
sind und wenigstens drei Scheitel (133) in der zwei- 
ten Ebene (142) vorgesehen sind. 
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18. Implantat nach einem der AnsprQche 10 bis 17 
zusammen mrt einem rOntgenstrahlungsundurch- 
lassigen Markierungsmittel (156), welches an der 
Wandung (126) des rOhrenartigen Elements (122) 
festgelegt ist. wobei das Markierungsmittel (156) 5 
erste und zwerte ausgerichtele rOntgenstrahlungs- 
undurchiassige MarWerungen umfaOt welche in 
Ungsrichtung des rOhrenartigen Elements (122) im 
Abstand zueinander angeordnet sind, um ein 
Sicherstellen, ob ein Venwinden des rOhrenartigen w 
Elements (122) aufgetreten ist, zu ermOglichea 

19. Irrplantat nach Anspruch 18. worin die ersten und 
zweiten Markierungen (156) benachbart Scheitein 
(133) des nachgiebigen Federmitlete (131) ange- 15 
ordnet sind. 

20, implantat nach einem der Anspruche 10 bis 19. 
worin das Anbringungsmittel (1 51 ) hakenartige Ele^ 
mente umfa8t wobei die hakenartigen Elemente 20 
sich von dem rOhrenartigen Element (122) nach 
auswarts erstrecken, wobei die hakenartige Ele- 
mente an dem proximalen und dem distalen Ende 
(123, 124) zueinander weisen. 

25 

21, Inplantat nach Anspruch 20. worin die hakenartigen 
Elemente (151) an dem proximalen Ende (123) sich 
unter einem Winkel zur Langsachse, welcher im 
Bereich von SS*' bis 80*^ liegt. in einer Richtung auf 
das distale Ende (124) des Inplantats (121) zu 30 
erstrecken. und worin die hakenartigen Elemente 
(151) an dem distalen Ende (124) srch von der Ver- 
tikalen nach auswarts in einer Richtung. welche im 
Bereich von 30** bis 90** liegt. auf das proximale 
Ende (123) des Implantats (121) zu erstrecken. 35 

Revendications 

1. Syst^me de greffe intravasculaire conrprenant un 
catheter k capsule (12) ayant un 6l6ment tubulaire 40 
flexible allonge (16) avec des extr6mit6s proximale 
et distale et une capsule (36) mont^e sur r€xtr6mit6 
distale de r6I6ment tubulaire (16) ; un greffon (121) 
plac6 k rint6rieur de la capsule (36). le greffon (121) 
6tant constitu6 par un 6l6ment tutmlaire (122) ayant 45 
des extr6mit6s proximale et distale (123. 124). des 
moyens de fixation (131) en forme de aochet fix^ 
aux extr6mrt6s proximale et distale (123. 124) de 
r6l6ment tubulaire (122) et orient^s vers I'ext^rieur 
en direction de la paroi int6rieure de la capsule (36) so 
: et un moyen de tige de pouss6e (96) plac6 k rint6- 
rieur du cath6ter k capsule (12) et en prise avec le 
greffon (121) grace k quoi. sous Teffet d'un mouve- 
ment relatif entre le moyen de tige de pouss6e (96) 
et le cath6ter k capsule (12). le greffon (121) peut 55 
§tre forc6 en dehors de la capsule (36), caract6ris6 
en ce que la capsule (36) de configuration g6n6ra- 
lement cylindrique est constitute par un ruban 
m6tallique (39) enroul6 ei h^lice. et avec des 



moyens (38, 43) associant ladrte spirale en une cap- 
sule unitaire tout en permettant k ladite capsule uni- 
taire de se court>er. 

2. Systems selon la revendication 1, associ6 k un 
catheter k ballon (61) constitu6 par un 6l6ment sou- 
pie alfong6 (62) ayant des extr6mit6s prcodmale et 
distale et un balton (64) f ix6 k rextr6mit6 distale de 
r6l6ment flexible alIong6 (62), r6I6ment flexible 
allong6 (62) du catheter k ballon (61) comportant 
une ouverture de gonf lage de ballon (63) traversant 
r6l6ment tubulaire flexible allong6 (16) du cath6ter 
k capsule (12) et un moyen pour gonfler et d6gonf ler 
le ballon k travers Touverture de gonflage de ballon 
(63) de r6l6mem flexible allong6 (62) du catheter k 
balton (61). 

3- Syst6me selon la revendication 2. dans lequel le 
catheter k balton (61) conrprend un tube m§tallique 
rigide (69) traversant le ballon (64) et communiquant 
avec Touverture de gonflage de ballon (63). 

4. Syst^e selon la revendication 3. dans lequel ledit 
moyen de tige de pouss6e (96) comprend un cable 
m6tallique (98) passant par ledit tube m6tallique 
rigide (69). 

5. Systtme selon la revendication 4. dans lequel ledit 
cath6ter k ballon (61> comprend un bouchon (78) 
distal du ballon (64) susceptible de venir en prise 
avec ledit cable (98). 

6. Syst^e selon la revendication 2. associ§ k un t>ou- 
ton poussoir (66) mont6 sur r6l4ment flexible 
altong6 (62) du catheter k ballon (61) et venant en 
prise avec le greffon (121). 

7. Syst6me selon la revendication 6. dans lequel le 
moyen de tige poussoir (96) vient en prise avec le 
bouton poussoir (66). 

8. Syst^e selon la revendication 6. dans lequel ledit 
bouton poussoir (66) est mont6 en position fixe sur 
r6l6ment flexible aflong6 (62) du catheter k ballon 
(61). 

9. Syst^e selon la revendication 6, dans lequel ledit 
bouton poussoir (66) est mont6 sur ledit 6l6ment 
flexible aIIong6 (62) avec le catheter k balton (61 ) de 
mani^re k §tre mobile ento-e une premiere pxjsition 
6cart6e de rexlr6mit6 proximale du ballon (64) et 
une auti-e position adjacente k I'extr6mrt6 proximale 
du ballon (64). 

10- Greffon vasculaire extensible intra-ouverture (121) 
destine k etre iaplant6 dans un vaisseau sanguin 
conprenant un 6l6ment tubulaire dtformable (122) 
ayant des extr6mit6s proximale et distale (123. 124) 
et une paroi (126) qui s'ttend entire les exto-6mit6s 
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proximale etdistale (123, 124). la paroi (126) 6tanl 
constitute d'un mat6riau souple capable de recevoir 
une culture de tissu, ledit 6l6ment tutxilaire (122) 
6tant congu pour prendre une premiere fbrnie de 
dimension r6duite pour §tre ins6r6 dans les vais- $ 
seaux sanguins el une seconde forme dilat6e ; des 
moyens de ressort extensibles d6formal)les (131) 
fix6s aux extr6mrt6s proximale et distale (123, 124) 
de rtltment tubulaire (122). lesdits moyens de res- 
sort d6formables (131) ayant sensiblement la forme io 
de parties de ressort en V (132) avec des sommets 
(133) el des jambages (137. 138) partant des som- 
mets (133) pour solliciter ledit 6l§ment tubulaire 
(122) de ladite prenr^idre forme de dimension rtdurte 
h ladite seconde forme di!at6e ; et des moyens de 75 
fixation (151 ) relics aux extrtmit6s proximale etdis- 
tale (1 23. 1 24) de r6l6ment tubulaire (122) pour fixa- 
tion aux vaisseaux sanguins. caract6ris6 en ce que 
!esdits mcyens de ressort (131) sont constitu6s par 
un ressort de torsion en spirale (1 36) ^ chaque som- 20 
met (133) sollicitant en deformation lesdits jamba- 
ges (137, 138) dans une direction qui ouvre les 
parties de ressort en forme de V (132). 

11. Greffon selon la revendication 10, dans lequel les- 25 
dits moyens de fixation (151) sont reli6s auxdits 
moyens d ressort (131). 

12. Greffon selon la revendication 10 ou 1 1 , dans lequel 

les moyens de fixation (151) prennent raspectd'616- 30 
ments en forme de crochet, 

13. Greffon selon la revendication 12. dans lequel les 
^6ments en forme de crochet (1 51) sont reli6s aux 
moyens de ressort (131) au voisinage des sommets 35 
(133) des V (132). 

14. Greffon selon la revendication 13. dans lequel les 
sommets (133) des V (132) sont situ6s dans un pre- 
mier etun second plans (141. 142)espac6sdansla 40 
direction fongitudinale de Taxe longitudinal du gref- 
fon (121). 



mier plan (1 41) et au molns trois sommets (1 33) sont 
prtvus dans le second plan (142). 

18. Greffon selon Tune quelconque des revendications 
10^17, assoct6 k des moyens de marqueurs radio- 
opaques (156) fix6s sur la paroi (126) de r6l6ment 
tubulaire (122). lesdits moyens de marqueur (156) 
6tant constitute par un premier et un second mar- 
queurs radio-opaques align6s et espac6s dans la 
direction fongitudinale de r6l§ment tubulaire (122) 
pour permettre de s*assurer qu'aucune torsion de 
r6l6ment tubulaire (122) ne s*est produite. 

19. Greffon selon la revendication 18. dans lequel le pre- 
mier et le second marqueurs (1 56) sont plac6s adja- 
cents aux sommets (133) des moyens de ressort 
d6formables (131). 

20. Greffon selon Tune quelconque des revendications 
10 k 19, dans lequel les moyens de fixation (151) 
comprennent des 6l6ments en forme de crochet, les 
elements en forme de crochet partant de r6l6ment 
tubulaire (122) vers I'exttrieur et les 6l6ments en 
forme de crochet des extr6mit6s proximale et distale 
(123. 124) §tant orient6s face k face. 

21. Greffon selon la revendication 20, dans lequel les 
6ltments (151) en forme de crochet de rextr6mit6 
proximale (1 23) sont orients par rapport k Vaxe lon- 
gitudinal sous un angle compris entre 55 et 80* dans 
une direction allant vers rextr6mit6 distale (124) du 
greffon (51) etdans lequel les 6l§ments en forme de 
crochet (151) de rextr6mit6 distale (124) s*6tendent 
vers rexltrieur par rapport k la verticale dans une 
direction comprise entre 30* et 90* vers I'extr6mit6 
proximale (123) du greffon (121). 



15. Greffon selon la revendication 14, dans lequel les 
sommets (133) situ6s dans le premier et le second 45 
plans (1 4 1 , 1 42) sont espacte au-del A de rextr6mit§ 

de r6l6ment tubulaire (122) et dans lequel les 616- 
ments en forme de aochet (151) sont months sur 
les V (132) au voisinage des sommets (133) situ6s 
dans les premier et second plans (1 41 . 142). so 

16. Greffon sefon la revendication 15. dans lequel les 
sommets (133) situ6s dans les premier et second 
plans (141. 142) sont d6cal6s sur la circonf6rence 
par rapport aux sommets (133) situ6s dans Tautre ss 
desdits premier et second plans (141 , 142). 

17. Greffon selon la revendication 16. dans lequel trois 
sommets au moins (133) sont pr6vus dans le pre- 
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